CLAIMS 



We Claim: 



1 . \ A method for lowering the sulfur content of a naphtha hydrocarbon feed 
stream while ^bstantially maintaining the yield of olefin compounds in the feed stream, 
said method conitorising 

i) conracting a naphtha feed with a membrane separation zone, said separation 
zone containing a n^mbrane having a sufficient flux and selectivity to separate a sulfur- 
enriched permeate fraction and a sulfur deficient retentate fraction, said membrane having 
a sulfur enrichment factoVof greater than 1.5, said naphtha feed comprising sulfur 
containing aromatic hydrocarbons, sulfur containing non-aromatic hydrocarbon and olefin 
compounds, said sulfur enriched permeate fraction being enriched in sulfur containing 
aromatic hydrocarbons and sulfur^ontaii|]jng non-aromatic hydrocarbons as compared to 
the naphtha feed; 

ii) recovering the sulfur def^eit retentate fraction as a product stream; 

iii) subjecting the sulfur enrich^ permeate fraction to a non-membrane process 
to reduce sulfur content; and 

iv) recovering the reduced sulfur pekneate product stream, wherein the total 
amount of olefin compounds present in the retentate product stream and the permeate 
product stream is at least 50 wt % of olefin compound present in the feed. 



2. The method of claim 1 wherein the membrane is an asymmetric membrane 
selected from the group consisting of a polyimide membr^e, a polyurea-urethane 
membrane and a polysiloxane membrane. 



3. The method of claim 1 wherein the membrane is a polyimide membrane. 
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The method of claim 1 wherein the membrane is a polyurea urethane 



membrane; 



; method of claim 1 wherein the membrane is a polysiloxane membrane. 

6. The method of claim 1 wherein the sulfur content of the sulfur deficient 
retentate fraction is less tftan 100 ppm. 

7. The method of\laim 6 wherein the sulfur content of the sulfur deficient 
10 fraction is less than 50 ppm. 



m 



8. The method of claim\6 wherein the sulfur content of the sulfur deficient 
retentate fraction is less than 30 ppm. 

15 9. The method of claim 1 \|Mi;ein the naphtha feed stream is a cracked 

naphtha. 
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10. The method of claim 9 wherein the naphtha is a FCC naphtha. 



1 1. The method of claim 10 wherein theViaphtha is a FCC light cat naphtha 



having a boiling range from about 50*^C to about 105^C. 



12. The method of claim 1 wherein the naphiha is a coker naphtha. 
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13. The method of claim 1 wherein the naphtha is a straight run. 



14. The method of claim 1 wherein the sulfur de^cient retentate fraction 
comprises at least 50 wt % of the total feed. 
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15. The method of claim 14 wherein the sulfur deficient retentate fraction 
comprises ^^t least 70 wt % of the total feed. 

5 16. TKe method of claim 1 wherein the membrane separation zone operates 

under pervaporation^onditions. 

17. The methW of claim 1 wherein the membrane separation zone operates 
under perstraction conditions. 



10 
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18. The method of ^laim 1 wherein the sulfur-enriched permeate fraction is 
subjected to a hydrotreating proofs to reduce sulfur content. 



19. The method of cl 
15 subjected to an adsorption proce: 



(herein the sulfur-enriched permeate fraction is 
to reduce sulfur content. 



o 



20. The method of claim 1 wherein the sulfur-enriched permeate fraction is 
subjected to a catalytic distillation process toVeduce sulfur content. 

20 21 . The method of claim 1 wherein the membrane has a sulfur enrichment 

factor of greater than 2. 
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22. The method of claim 1 wherein the mi^mbrane has a sulfur enrichment 
factor ranging from about 2 to about 20. 

23. The method of claim 1 wherein the total simount of olefin compounds in 
the retentate product stream and the permeate product stream is from about 50 to about 90 
wt % of olefin compounds present in the feed. 
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<^o8 " — y 24. A method for lowering the sulfur content of a naphtha hydrocarbon feed 

A. / 

stream while substantially maintainijjg the yield of olefin compounds in the feed stream, 
said method comprising 

i) contacting a naphtha fe^ with a membrane separation zone, said separation 
5 zone containing a polyimide membrane having a sufficient flux and selectivity to separate 
a sulfur-enriched permeate fraction and a sulfur deficient retentate fraction under 
pervaporation conditions, said naphtha ifeed comprising sulfur containing aromatic 
hydrocarbons, sulfur containing non-aromatic hydrocarbons and olefin compounds, said 
sulfur enriched permeate fraction being enriched in sulfur containing aromatic 
10 hydrocarbons and sulfur containing non-aromatic hydrocarbons as compare to the naphtha 
O feed; 

^ li 

Q ii) recovering the sulfur deficienAretentate fraction as a product stream; 

iii) subjecting the sulfiir-enriched f^ermeate fraction to a non-membrane process 
\U to reduce sulfur content; and 

|fj 15 iv) recovering the reduced sulfur peAneate product stream, wherein the total 

amount of olefin compounds present in the retqitate product stream and the permeate 
rU product stream is at least 50 wt % of olefin confounds present in the feed. 



^p^. The method of claim^^4^herein the membrane is one having a sulfur 
20 enrichment factor of greater than 1 .5. 

3f6. The method of claini^ wherein the sulfur content of the sulfur deficient 
retentate fraction is less than 100 ppm. 

25 yl. The method of claim 2© wherein the sulfur content of the sulfur deficient 

fraction is less than 50 ppm. 
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The method of claini^S^vherein the sulfur content of the sulfur deficient 



retentate fraction is less than 30 ppm. 



29. The method of claim 2^ wherein the naphtha feed stream is a cracked 



5 naphtha. 

7 The method of claim ^wherein the naphtha is a FCC naphtha. 

2n . The method of claim 30 wherein the naphtha is a FCC light cat naphtha 
10 having a boiling range from about 50^C to about lOS^'C. 

I 

The method of claim^^i^wherein the naphtha is a coker naphtha. 

/ 33. The method of claim 24 wherein the naphtha is a straight run. 

34. The method of claim .24 wherein the sulfur deficient retentate fraction 
comprises at least 50 wt % of the total feed. 

The method of clain]^34' wherein the sulfur deficient retentate fraction 
20 comprises at least 70 wt % of the total feed. 



36. The method of claim 24 wnerein the sulfur-enriched permeate fraction is 
subjected to a hydrotreating process to reduce sulfur content. 



25 37. The method of claim 24 wherein the sulfur-enriched permeate fraction is 

subjected to an adsorption process to reduce sulfur content. 
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38. The method of claiiw4 wherein the sulfur-enriched permeate fraction is 
subjected to a catalytic distillation proasss to reduce sulfur content. 

y39. The method of claim ^wherein the membrane has a sulfur enrichment 
5 factor of greater than 2. 

-1% ^ 

» 40, The method of claimyZo wherein the membrane has a sulfur enrichment 
factor ranging from about 2 to about 20. 

10 The method of claim ^^wherein the sulfur deficient retentate fraction 

contains from about 50 to about 90 wt % of olefin compounds present in the initial feed. 



42. A method for lowerinfe the sulfur content of a naphtha hydrocarbon feed 
stream while substantially maintaining the yield of olefin compounds in the feed stream, 
15 said method comprising 

i) contacting a naphtha feefi with a membrane separation zone, said separation 
zone containing a polysiloxane membrane having a sufficient flux and selectivity to 
separate a sulfur-enriched permeate fracmon and a sulfur deficient retentate fraction under 
pervaporation conditions, said naphtha feed comprising sulfur containing aromatic 

20 hydrocarbons, sulfur containing non-aromatic hydrocarbons and olefin compounds, said 
sulfur enriched permeate fraction being enriched in sulfur containing aromatic 
hydrocarbons and sulfur containing non-aromatic hydrocarbons as compared to the 
naphtha feed; 

ii) recovering the sulfur deficient retekate fraction as a product stream; 
25 iii) subjecting the sulfur-enriched perme^^ate fraction to a non-membrane process 

to reduce sulfur content; and 
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iv) recovering the reduced sulfur permeate product stream, wherein the total 
amount of olefin compounds present inuhe retentate product stream and the permeate 
product stream is at least 50 wt % of olei^n compounds present in the feed. 

The method of claim ^^wherein the membrane is one having a sulfur 
enrichment factor of greater than 1.5. 

^JA, The method of claim ^ wherein the sulfur content of the sulfur deficient 
retentate fraction is less than 100 ppm. 

^J^, The method of claim ^wherein the sulfur content of the sulfur deficient 
fraction is less than 50 ppm. 

^Ao, The method of claim 4y wherein the sulfur content of the sulfur deficient 
retentate fraction is less than 30 ppm. 

Jer, The method of claim>H' wherein the naphtha feed stream is a cracked 
naphtha. 

The method of claim ^ wherein the naphtha is a FCC naphtha. 

^49. The method of claim ^wherein the naphtha is a FCC light cat naphtha 
having a boiling range from about 50°C to about 105°C. 

The method of claim 4z wherein the naphtha is a coker naphtha. 

5 1 . The method of claim 42 wh^ein the naphtha is a straight run. 
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^\ The method of clairn^wherein the sulfur deficient retentate fraction 
comprises at least 50 wt % of the total feed. 

32.^3. The method of claim^ wherein the sulfur deficient retentate fraction 
comprises at least 70 wt % of the total feed. 



54. The method of claim 42 wherein the sulfur-enriched permeate fraction is 
subjected to a hydrotreating process to reduce sulfur content. 

55. The method of claim 42 wherein the sulfur-enriched permeate fraction is 
subjected to an adsorption process t^ reduce sulfur content. 

56. The method of claim 42 wherein the sulfur-enriched permeate fraction is 
subjected to a catalytic distillation process to reduce sulfur content. 



The method of claim^|!^l 



The method of clainvfl^ wherein the membrane has a sulfur enrichment 
factor of greater than 2. 



^5>1 The method of claimj^^ 



The method of claimJ8 wherein the membrane has a sulfur enrichment 
factor ranging from about 2 to about 20. 



r ranging irom about I to about zu. 



The method of claimy4^wherein the sulfur deficient retentate fraction 
contains from about 50 to about 90 wt % of olefin compounds present in the initial feed. 



J 60. A method for lowering thd^sulfur content of a naphtha hydrocarbon feed 
stream while substantially maintaining the yield of olefin compounds in the feed stream, 
said method comprising J 
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i) contacting a naphtha fiped with a membrane separation zone, said separation 
zone containing a polyurea urethanei membrane having a sufficient flux and selectivity to 
separate a sulfur-enriched permeate ra*action and a sulfur deficient retentate fraction under 
pervaporation conditions, said naphtha feed comprising sulfur containing aromatic 
hydrocarbons, sulfur containing non-altomatic hydrocarbons and olefin compounds, said 
sulfur enriched permeate fraction beinaenriched in sulfur containing aromatic 
hydrocarbons and sulfur containing non^omatic hydrocarbons as compared to the 
naphtha feed; 

ii) recovering the sulfur deficient retentate fraction as a product stream; 

iii) subjecting the sulfur-enrichea^permeate fraction to a non-membrane process 
to reduce sulfur content; and 

iv) recovering the reduced sulfur p^mieate product stream, wherein the total 
amount of olefin compounds present in the retentate product stream and the permeate 
product stream is at least 50 wt % of olefin com|)ounds present in the feed. 

pi. The method of claim ^ wherein the membrane is one having a sulfur 
enrichment factor of greater than 1.5. 

' 6Z. The method of claim 60rwherein the sulfur content of the sulfur deficient 
retentate fraction is less than 100 ppm. 

63. The method of claim 6z wherein the sulfur content of the sulfur deficient 
fraction is jess than 50 ppm. 

The method of claini^ wherein the sulfur content of the sulfur deficient 
retentate fraction is less than 30 ppm. 
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The method of clainvm) wherein the naphtha feed stream is a cracked 

naphtha. 

* The method of claim p6 wherein the naphtha is a FCC naphtha. 

The method of claim^ wherein the naphtha is a FCC light cat naphtha 
having a boiling range from about 50°C to about 105°C. 

i 

The method of claim^^ wherein the naphtha is a coker naphtha. 
10 

^ y^^^^ 69. The method of claim 60 wdierein the naphtha is a straight run. 

70. The method of claim^ wherein the sulfur deficient retentate fraction 
comprises at least 50 wt % of the total feed. 

" # t 

^\ . The method of claim ^ wherein the sulfur deficient retentate fraction 
comprises at least 70 wt % of the total feed. 



72. The method of claim 60 wherein the sulfur-enriched permeate fraction is 
20 subjected to a hydrotreating process to reduce sulfur content. 

73. The method of claim 60 wherein the sulfur-enriched permeate fraction is 
subjected to an adsorption process to reduce su¥ur content. 

25 74. The method of claim 60 wherein tne sulfur-enriched permeate fraction is 

subjected to a catalytic distillation process to reduce sulfur content. 
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^ >?^. The method of claim €6 wherein the membrane has a sulfur enrichment 



factor of greater than 2. 



The method of claim^^wherein the membrane has a sulfur enrichment 
factor ranging from about 2 to about 20. 

The method of claim 6tt wherein the sulfur deficient retentate fraction 
contains from about 50 to about 90 wt % of olefin compounds present in the initial feed. 



78. The method of claim 1 



retentate product stream and the redui 




irther comprising combining the sulfur deficient 
rpreduet-steam: ■ 
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j/ rpj^^ method of claim ^further comprising combining the sulfur deficient 

retentate product stream and the reduced sulfur permeate product stream. 

The method of claim^ further comprising combining the sulfur deficient 
retentate product stream and the reduced sulfur permeate product stream. 

i i 

i • yr! The method of claim pO further comprising combining the sulfur deficient 
retentate product stream and the reduced sulfur permeate product stream. 
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A method for lowering the sulfur content of a naphtha hydrocarbon feed 
stream while substantially maintaining the yield of olefin compounds in the feed stream, 
said method comprising / y 



i) contacting a naphtha feec 



. membrane separation zone, said separation 



zone containing a membrane having a suffi :ient f^u5^a^^dselectivity to separate a sulfur- 
enriched permeate fraction and a sulfur deficient retentate fraction, said sulfur deficient 
retentate fraction comprising at least 50 wt % of the naphtha feed, sm^^inembrane having 
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a suIfiM:enrichment factor of greater than 1.5, said naphtha feed comprising sulfur 
containing ai^atic hydrocarbons, sulfur containing non-aromatic hydrocarbons and 
olefin compoundsT^sid sulfur enriched permeate fraction being enriched in sulfur 
containing aromatic hydrockrijons and sulfur containing non-aromatic hydrocarbons as 
compared to the naphtha feed; tf\ 

ii) recovering the sulfur deficieiof^iitate fraction as a product stream; 

iii) subjecting the sulfur enriched pSmeate fraction to a non-membrane process 
to reduce sulfur content; and 

iv) recovering the reduced sulfur permeate product stream, wherein the total 
amount of olefin compounds present in the retentate producrs^eam and the permeate 
product stream is at least 50 v^t % of olefin compound present inSJie feed. 
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